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Molecular mechanisms for the resonance property in the inferior olivary 
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ᘏ㧊࡟Ꮡᅾࡍࡿୗ࣮࢜ࣜࣈ᰾(inferior olive; IO)ࡢࢽ࣮࡛ࣗࣟࣥࡣࠊࢧ࢖ࣥἼ≧
ࡢ࿘ᮇⓗ㜈್ୗ⭷㟁఩࢜ࢩ࣮ࣞࢩࣙࣥ㸦 subthreshold membrane potential 
oscillation; STO㸧ࡀ㉳ࡇࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡀࠊࡑࡢⓎ⏕࣓࢝ࢽࢬ࣒࡟ࡘ࠸࡚
ࡣከࡃࡀ୙᫂࡞ࡲࡲ࡛࠶ࡿࠋ⏦ㄳ⪅ࡀᡤᒓࡍࡿ◊✲ᐊ࡛ࡣ STO Ⓨ⏕ࡢᇶ┙࡜࡞ࡿ
࡜⪃࠼ࡽࢀ࡚࠸ࡿ⣽⬊⭷ࡢ㟁Ẽⓗ≉ᛶ࡜ࡋ࡚ࠊresonance ≉ᛶ࡜࿧ࡤࢀࡿࠊ࠶ࡿ≉
ᐃࡢ࿘ᮇࡢ㟁ὶධຊࢆቑᖜࡉࢀࡓ⭷㟁఩ኚ໬࡜ࡋ࡚ฟຊࡍࡿᛶ㉁࡟╔┠ࡋࠊSTO
ฟ⌧ࡢ࣓࢝ࢽࢬ࣒ࡢ୍➃ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋ࡚◊✲ࢆ⾜ࡗ࡚࠸ࡿࠋࡇࢀ
ࡲ࡛ࡢඛ⾜◊✲࠿ࡽࠊIO ࢽ࣮ࣗࣟࣥ࡟࠾ࡅࡿ resonance ≉ᛶࡢⓎ⌧࡟ࡣ Hyper 
polarization–activated cyclic nucleotide-gated potassium channel 1 (HCN1 
channel)ࡀ resonance ≉ᛶ࡟ᚲ㡲࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡟࡞ࡗ࡚࠸ࡿ㸦Matsumoto-
Makidono et al., 2016㸧ࠋࡲࡓྠ᫬࡟ࠊIOࡢ resonance≉ᛶࡣ E4031ࢆຍ࠼ࡿ
ࡇ࡜࡛ῶ⾶ࡍࡿࡇ࡜ࡶุ᫂ࡋ࡚࠸ࡓࠋE-4031 ࡣ Kv11 ᆺ㟁఩౫Ꮡᛶ K+ࢳࣕࢿࣝࡢ
㜼ᐖ๣࡛࠶ࡿࡓࡵࠊKv11 ࡢ resonance ≉ᛶ࡬ࡢ㛵୚ࡀண᝿ࡉࢀࡓࡀࠊศᏊᐇែࡸ
ᶵ⬟ⓗព⩏࡟ࡘ࠸࡚ࡣ୙࡛᫂࠶ࡗࡓࠋ 
ᮏ◊✲࡛ࡣࠊKv11 ࡢ resonance ≉ᛶⓎ⌧࡬ࡢ㛵୚ࢆࡉࡽ࡟῝ࡃゎᯒࡍࡿࡓࡵࠊ
HEK293 ⣽⬊࡟࣏ࣜࣇ࢙ࢡࢩࣙࣥἲࢆ⏝࠸࡚ࡑࢀࡒࢀࡢ㑇ఏᏊࢆⓎ⌧ࡉࡏࠊ
resonance ≉ᛶ࡜ STO ࡢⓎ⌧࡬ࡢᙳ㡪ࢆゎᯒࡋࡓࠋ3 ✀㢮࠶ࡿ Kv11 ࡢࢧࣈࢱ࢖
ࣉࡢ࠺ࡕࠊIO ࡟࠾࠸࡚グ㘓ࡉࢀࡓ Kv11 㟁ὶࡀ Kv11.3 ࡜㢮ఝࡢ≉ᛶࢆ♧ࡋࡓࡇ
࡜࠿ࡽࠊᮏ◊✲࡛ࡣ Kv11.3㸦Kcnh7㸧࡟╔┠ࡋࡓࠋࡲࡓࠊIO࡛ࡢ resonance≉ᛶ
࡬ࡢ㛵୚ࡀุ᫂ࡋ࡚࠸ࡓ HCN1 ࡟ࡘ࠸࡚ࡶྠᵝ࡟Ⓨ⌧ᐇ㦂ࢆ⾜ࡗࡓࠋ࣏࣮ࣞࢱ࣮
㑇ఏᏊࡢ⺯ගࢆᣦᶆ࡟Ⓨ⌧ࡋ࡚࠸ࡿ⣽⬊ࢆྠᐃࡋࠊwhole-cell patch clampἲࢆ⏝
࠸࡚⭷㟁఩ࡶࡋࡃࡣ⭷㟁ὶࡢィ ࢆ⾜ࡗࡓࠋresonance ≉ᛶࢆゎᯒࡍࡿࡓࡵࠊ࿘Ἴ
ᩘࡀ᫬㛫࡟ᑐࡋ࡚⥺ᙧ࡟᪩ࡃ࡞ࡿ᣺ᖜ୍ᐃࡢࢧ࢖ࣥἼ≧ࡢ㟁ὶ㸦chirp 㟁ὶ㸧ࢆὀ
ධࡋࠊᚓࡽࢀࡓ⭷㟁఩ኚ໬࠿ࡽ⣽⬊⭷ࡢ࢖ࣥࣆ࣮ࢲࣥࢫࡢ࿘Ἴᩘ౫Ꮡᛶࢆィ⟬ࡋ
ࡓࠋ㏻ᖖࡢ⣽⬊ࡢ࢖ࣥࣆ࣮ࢲࣥࢫࡣ࿘Ἴᩘቑຍ࡟ᑐࡋ࡚ᚎࠎ࡟ᑠࡉࡃ࡞ࡿࡀࠊ
resonance ≉ᛶࡀぢࡽࢀࡿ⣽⬊࡛ࡣࠊ3-10Hz ࡢ㒊ศࢆࣆ࣮ࢡ࡟ᒣ≧ࡢኚ໬ࢆ♧
ࡍࠋࡇࡢᒣ≧ࡢኚ໬ࡢฟ⌧ࢆᣦᶆ࡜ࡋ࡚ resonance≉ᛶࢆホ౯ࡋࡓࠋ 
እ᮶㑇ఏᏊࢆⓎ⌧ࡋ࡚࠸࡞࠸ HEK293 ⣽⬊࡛ࡣ UHVRQDQFH ≉ᛶࢆ♧ࡍ⣽⬊ࡣぢ
ࡽࢀ࡞࠿ࡗࡓࡀࠊKv11.3 ༢⊂Ⓨ⌧࡛ࡣ⣙༙ᩘࡢ⣽⬊㸦57㸣ࠊ20/35㸧࡟࠾࠸࡚ࠊ
ὸ࠸⭷㟁఩࡛ resonance ≉ᛶࡀぢࡽࢀࡓࠋResonance ࡢᙉᗘࢆ⾲ࡍᣦᶆ࡜ࠊྠࡌ
⣽⬊࡛グ㘓ࡉࢀࡓ Kv11.3 ࡢ㟁ὶ್࡜ࡢ㛫࡟┦㛵㛵ಀࡣ࡛࡞࠿ࡗࡓࡶࡢࡢࠊࢥࣥࢲ
ࢡࢱࣥࢫࡀቑຍࡍࡿ࡟ࡘࢀ࡚ resonance ≉ᛶࢆᣢࡘ⣽⬊ࡢ๭ྜࡀከࡃ࡞ࡿഴྥࡀ
࠶ࡗࡓࠋࡲࡓ Kv11.3 ༢⊂Ⓨ⌧ࡢ resonance ≉ᛶࢆ♧ࡍ⣽⬊ࡢෆࠊ⣙༙ᩘࡢ⣽⬊
㸦47%ࠊ7/15㸧࡛ STO ࡀほᐹࡉࢀࡓࠋ୍᪉ࠊHCN1 ࢆ༢⊂Ⓨ⌧ࡋࡓ HEK293 ⣽
⬊࡛ࡣ resonance ≉ᛶ࡜ STO ࡣぢࡽࢀ࡞࠿ࡗࡓࠋ⣽⬊⭷࡟࠾ࡅࡿ HCN1 ࡢⓎ⌧
㔞ࡀ୙༑ศ࡛࠶ࡿࡓࡵ࡟ resonance ≉ᛶ࡜ STO ࡀぢࡽࢀ࡞࠸ྍ⬟ᛶࢆ᳨ドࡍࡿࡓ
ࡵࠊHCN1 ࡢ⣽⬊⭷࡬ࡢⓎ⌧ࢆಁ㐍ࡍࡿ Tetratricopeptide Repeat-Containing 
Rab8b-Interacting Protein㸦TRIP8b㸧ࢆ HCN1 ࡜ඹⓎ⌧ࡉࡏࡓࠋࡑࡢ⤖ᯝ
HCN1 㟁ὶࡣቑᙉࡋࡓࡀࠊresonance ≉ᛶ࡜ STO ࡣ౫↛࡜ࡋ࡚ほᐹࡉࢀ࡞࠿ࡗ
ࡓࠋ 
௒ᅇࡢゎᯒ࡟ࡼࡾࠊKv11.3 ࢆ HEK293 ⣽⬊࡟Ⓨ⌧ࡉࡏࡿ࡜ resonance ≉ᛶࢆ
Ⓨ⌧࡛ࡁࡿࡇ࡜ࡀศ࠿ࡗࡓࠋࡲࡓࠊKv11.3 ࢆⓎ⌧ࡋࡓ⣙༙ᩘࡢ⣽⬊࡛⮬ᚊⓗ࡞⭷
㟁఩࢜ࢩ࣮ࣞࢩࣙࣥࡀぢࡽࢀࡓࠋࡇࢀࡽࡢ⤖ᯝࡣࠊKv11.3 ࡀ resonance ≉ᛶ࡜
STOࡢⓎ⌧࡟ᚲ㡲࡞ᅉᏊ࡛࠶ࡿࡇ࡜ࢆ♧ࡋ࡚࠸ࡿࠋ୍᪉࡛ࠊ௨๓ࡢ IOࢽ࣮ࣗࣟࣥ
ࡢゎᯒ࠿ࡽ㛵୚ࡀ᝿ᐃࡉࢀ࡚࠸ࡓ HCN1 ࢆⓎ⌧ࡉࡏࡓ HEK293 ⣽⬊࡛ࡣࠊ
resonance ≉ᛶ࡜ STO ࡣぢࡽࢀ࡞࠿ࡗࡓࠋణࡋࠊHCN1 ౫Ꮡⓗ࡞ resonance ≉ᛶ
࡜ STO ࡟ࡣ௚ࡢ⿵ຓࢧࣈࣘࢽࢵࢺ࡞࡝ࡀᚲせ࡛࠶ࡿྍ⬟ᛶࡶ⪃࠼ࡽࢀࡿࡓࡵࠊࡇ
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